Abstract. Currently, a serious increase in the reliability of structural elements allows manufacturers of equipment to routinely reduce the durability of individual elements to increase the level of sales. Maintainability is provided not by the constructive and technological capabilities of detecting and eliminating the failure by methods of repair and restoration, but by replacing with new parts. The main strategy of the dealer network to make a profit is determined by the sale of consumables and spare parts. Debugged in mass production manufacturing technology with a minimum cost does not provide modern methods of hardening in order to increase the durability of parts. It is a fact, that the farmers' interests are ignored in reducing the operating costs, including the cost of replacing the working bodies of the tillage machines. An increase in the resource can be achieved by controlling the process of wear by increasing the wear resistance. A way to increase durability is to strengthen the working edges of the working bodies of tillage machines during operation. This goal can be achieved by electrospark doping (ESD). As a strengthening technology, it is an economically viable and technologically promising solution for the possibility of increasing the resource. When performing the work, the following tasks were solved: 1. development of a technology for obtaining wear-resistant coatings on the surfaces of lancet paws with improved performance properties; 2. rationale for the choice of the material of the alloying electrode; 3. carrying out operational evaluation of increase of the service life of the processed working bodies of soil-cultivating machines. Electric-spark hardening was performed with three materials: R5М6 (high speed steel), terminal electrode T-590 (an alloy of iron resistant to abrasive wear) and T15K6 (alloy of cobalt and carbides of titanium and tungsten). In conclusion, it should be noted that the best electrode material for hardening is the electrode rod T-590, which will reduce the wear rate by weight and the linear parameters three times in comparison with the untreated paws.
Introduction
When cultivating crops, many tillage machines are used, such as cultivators, tillers, rippers, seeders and sowing complexes [1] [2] [3] , the working bodies of which are lancet paws [1] . Lancet paws in operation are in direct contact with abrasive particles of the soil causing their intensive wear, reduction of sharpness of cutting edges, change of the form and the sizes. The process of operation of worn-out working bodies of tillage machines leads to a drop in the quality of the work performed, increase in the consumption of fuels and lubricants, disruption of agrotechnical terms of operations, increased downtime of equipment, direct and indirect costs, reducing the number of commercial products received.
Currently, a serious increase in the reliability of structural elements allows manufacturers of equipment to reduce the planned durability of individual elements to increase the level of sale. Maintainability is provided not by constructive and technological capabilities of failure detection and elimination by methods of repair or restoration, but by replacement with new parts. The main strategy of the dealer network for profit is the sale of consumables and spare parts. Well-established in mass production manufacturing technology with a minimum cost does not provide for modern methods of hardening in order to increase the durability of parts. The fact is ignoring the interests of agricultural enterprises in reducing the operating costs, including the cost of replacing the working bodies of tillage machines.
It is possible to increase the life of the pointed paws by controlling the wear process by increasing the wear resistance [3] . A way to increase the wear resistance is to strengthen the working edges of the working bodies of tillage machines [1] [2] , subjected to intensive wear in an abrasive environment, during operation.
To date, the most promising way to increase the wear resistance, and as a consequence the resource of the working bodies of tillage tools, is to strengthen their working edges in new or restored parts [2;3] . As reinforcing coating materials are used: sormayt, high-alloy cast iron and materials containing in their composition expensive and rare alloying elements -tungsten, molybdenum, chromium, cobalt, nickel, etc., which often leads to a significant rise in the cost of the working bodies.
However, the analysis of modern technical literature [1] [2] [3] [4] [5] [6] [7] showed that at the present time due attention is not paid to the method of electrospark alloying (building, hardening) of parts. The method of electrospark doping (ESD) is cost-effective and technologically promising in solving the problems of increasing the performance of various machine parts and cutting tools subjected to intensive wear [8] . Due to the wide range of materials that can be used in electrospark alloying, participation of the interelectrode medium in the formation of wear-resistant surface layers, it is possible to widely change the mechanical, electrical, thermal, thermionic and other properties of the working surfaces of the restored parts [8;9] .
The work is devoted to improve the life of the working bodies of tillage machines, particularly of the lancet paw cultivators, by improving the operational properties of the surface layer by the method of electric-spark processing.
When performing the work, the following tasks were solved. 1. Development of a technology for obtaining wear-resistant coatings on surfaces of lamellar paws with improved performance properties. 2. Justification of the choice of alloying electrode material. 3. Conduct an operational assessment of the increased service life of the treated working bodies of the tillage machines.
The object of the study was the patterns of the change in the resource of the lancet paws, depending on the electrode material and the doping modes of the lancet paws of the KPO-9 cultivator (the cultivator is secondary tillage, working width 9 meters).
The subject of the study is the operational properties of the coating layers on the worn surfaces obtained by means of the electric spark method of building on the cutting surfaces of the pointed paws of cultivators.
High yield of agricultural crops is impossible without different methods of tillage, because the quality of tillage greatly affects important indicators such as productivity, cost and efficiency of agricultural production [4] .
Materialsandmethods
Currently, agriculture cannot be imagined without a variety of tillage tools. The most common type of devices for tillage on a par with the discs is the lancet paw. There are two main types of lancet paws -universal and flat-cutting, which differ structurally -the angle of elevation and the angle of the paw solution, and are designed for various operations in cultivation of crops.
For universal pointed paws, the greatest wear rate is characteristic of their socks. On different soils, the wear of the toe of the arched paws is 2.2...2.5 times the wings of the paws [5] . With the distance from the toe of the paw, the wear rate of the cutting edge of the paw decreases.
In order to increase the wear resistance of the lamella paws of tillage implements, it is necessary to use strengthening technologies for their restoration.
Currently, the repair industry has developed many technologies for surface hardening of parts. However, not all technologies are applicable for the lancet paws of tillage implements, which work under conditions of intensive abrasive wear with significant dynamic and shock loads.
There are various types of testing of the electric-spark method, which showed that the use of SHS electrodes in the process of applying the method of ESD hardening coatings, will allow to obtain coatings with a thickness of 5 to 200 microns, while the continuity of coatings can reach 100 %. These coatings are characterized by very high hardness (10-30 GPa), good adhesion to the surface being restored and significantly increase the wear resistance of the parts on the working surfaces on which they are applied. Resource hardened parts can be increased from 2 to 10 times.
As electrodes for electric-spark processing any conductive materials can be used, conditionally divided into 4 groups [6] . The main requirement for them is the conductivity of electric current. It has been established that to obtain wear-resistant coatings, materials belonging to the first and second group should be used (iron-based alloys with special properties, including ferroalloys; alloyed steels; cast irons (ductile, gray, special); carbides, nitrides, borides, and other solid compounds of refractory metals (Cr, Mo, Ti, W, Ta, Zr, V, Nb); tungsten-containing hard alloys; tungsten-free hard alloys.
There are two approaches to the methods of restoring cultivator paws:
• applying a layer on the back (bottom) side while ensuring the effect of self-sharpening [7] ;
• applying a layer on the front (top) side of the paws [7] .
Taking into account the insignificant wear-compensating layer of the metal obtained by the electric-spark treatment, the paws under study were strengthened on the most wearing face.
Operational tests of reinforced articulated paws were carried out on the fields of the Educational And Scientific Innovation Center "Agrotechnopark" of the Belgorod district of the Belgorod region. Characteristics of the soil: type -black earth; density -1200...1250 kg·m -3 ; humidity during the test period 18...23 %. Cultivator KPO-9, aggregated with a tractor Valtra-T270. The following types of work were carried out: pre-sowing soil preparation and cultivation of unoccupied vapors.
During the tests, we checked the change in the linear dimensions (wear) of the nose of the lamellae, the width of their wings, and the mass of the paw. This is due to the fact that these criteria are fundamental when cupping paws [8;9] . The cultivator paws studied were installed in the first row of the cultivator. Lancet paws that walked along the tractor track were not investigated, since they are subject to loads that are sharply different from the legs that do not follow the track.
To measure the paw wear, a ShTs-I -250-0.05 GOST 166-89 caliper with a measurement error of no more than 0.05 mm and a laboratory balance SARTOGOSM VLT 510-P were used.
Resultsanddiscussion
During the research, the following indicators were measured:
• mass of the paw before coating,
• mass of the deposited material,
• mass of the paw after field work,
• linear dimensions of the paw before the start of the field work (distance from the sock to the mounting hole A, paw width La), • linear dimensions of the legs after completion of the field work (distance from the sock to the mounting holes A, width of paws La) (Figure 1-3) .
Fig. 1. Lancet paw before coating (control)
Electric spark hardening of the worn out lacquerous paw layer was carried out in three materials: R5М6 (high-speed steel), electrode core Т-590 (iron alloy resistant to abrasive wear) and Т15К6 (titanium-tungsten alloy) simultaneously with the hardened on the cultivator installed and serial nonreinforced paws. Measurement of the paw wear was carried out at the end of the field work. Before the study, the articulated legs were removed from the cultivator and were well cleaned of dirt.
The weight of the lancet paws before coating varied in the range from 419.70 g to 446.18 g, size A -from the toe of the paw to the hole -from 106.60 mm to 110.70 mm, the grip width of the La paw - The study showed that the mass increment varied over a wide range: from 0.64 g by the T-590 electrode to 1.93 g of the R6M5 alloy. A machine-tractor unit consisting of a Valtra T270 tractor and a KPO-9 cultivator was treated with 130 hectares. Immediately after the operation of the cultivator in the field, the lancet paws were removed from it and cleaned of dirt, the measurements of linear dimensions and mass were repeated (Tables 1, 2) .
According to the data obtained, the minimum wear of the lamellar paw was obtained by doping the surface layer with the T-590 electrode rod, the maximum -on the control sample and doping with high-speed steel R6M5. The wear rate has also changed accordingly from 0.51 g·ha -1 for the paws reinforced with T-590 to 2.24 g·ha -1 for the standard paws of the control group.
As it turned out during the field tests, the width of the lancet-foot grip may not only decrease due to normal wear, but also increase. The increase in the width of the grip can be explained by the operation of the paw in extreme conditions that are not normal for it, for example, the width may increase due to plastic deformation when hitting an obstacle or when the cultivator is sharply lowered onto a dirt road at the edge of the field.
The data on linear wear of the distance from the toe of the paw to the mounting hole (Table 2) are of the greatest interest.Analysis of the data showed that the maximum reduction in size A (Table 2) and as a consequence the maximum wear occurred on the "control" pointed legs, which were not subjected to electrospray processing. In this case, the best wear-resistant characteristics according to the results of the field tests have lancet paws, hardened with the help of electrodes T-590.
Conclusions
In conclusion it is worth noting that, based on an analysis of the studies conducted on the totality of the changes in the mass and linear dimensions, it is clear that the electrospark alloying method increases the service life of the pointed paws compared to untreated paws, while the best electrode material for hardening is the T-590 electrode rod, which will provide threefold decrease in the wear rate in terms of weight and linear indexes.
